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Calculations of global oxygen budgets were performed as fol-
lows. We begin by setting the mass of the atmosphere at 5 � 1018

kg and 20% O2 for modern examples. Central to linking marine
fluxes to atmospheric compositions is an appreciation for scale,
understanding that today, at 20% PO2, 10,000 times more O2
resides in the atmosphere than in the ocean (given an average
dissolved oxygen content of 300 ppm). That said, calculated
changes in O2 production are viewed in the context of the mass
of the atmosphere and not the volume of the ocean (the solubility
of O2 in seawater will scale with PO2 and, to a lesser extent,
temperature).

For primary productivity calculations, we assumed a formula
weight for organic matter (CH2O, 30 g/mol) and a set stoichi-
ometric relationship between sulfur and carbon for sulfate
reduction (2:1). We take total primary production at 4.5 � 1016

g C/year with an export efficiency of 33% (1). Modern OM burial
estimates are taken to be 1.6 � 1014 g C/year (2), leading to a
burial efficiency of approximately 0.4%. Modern net rates of
sulfate reduction are from Turchyn and Schrag (3) and estimated
to be 2.62 � 1012 mol C/year, or two times 7.7 � 1012 mol S/year
modified by 83% reoxidation. Estimates of Proterozoic sulfate
reduction are derived from an average of values presented in
Canfield and Farquhar (4), or 1.7 � 1013 mol C/year; a value that
is very similar to today before considerations of reoxidation.

We calculated the potential impact of anoxygenic photosyn-
thesis on O2 budgets (more specifically PO2) by using modern
rates of total primary production, modified by the potential

contribution (%) from anoxygenic photoautotrophs. For the
modern example, this results in a maximum contribution of
0.17%. Using this formulation, and inserting estimates of Pro-
terozoic sulfate reduction, we find a maximum global contribu-
tion from anoxygenic photoautotrophs at 1.13%. Both these
values can be converted into molar quantities of oxygen, which
can be displaced into the atmospheric reservoir, through relating
these percent contributions to OM burial. For instance, using
modern rates of burial and a potential 0.17% contribution from
anoxygenic photosynthesis, O2 accumulation would be modified
by 9.31 � 109 mol O2/year. Using Proterozoic estimates for
percent anoxygenic photoautotrophy and modern OM burial
efficiencies, we calculate changes to O2 production of 6.03 � 1010

mol O2/year. When this quantity of O2 is considered in the
context of the mass of the atmosphere, changes to PO2 can be
directly calculated.

In both cases, this represents a theoretical maximum contri-
bution of anoxygenic photosynthesis using modern primary
production and burial rates (5). It is likely, however, that
Proterozoic primary production was lower due to nutrient
limitations, and burial efficiency was potentially much higher as
a result of less oxygen in the water column. These changes, when
coupled with lower sulfide oxidation rates (that is, more sulfide
available for anoxygenic photoautotrophs), would only increase
our estimated contributions. As written in the text, this is most
simply conceptualized by tracking the difference between pri-
mary production modified by burial and sulfate reduction mod-
ified by sulfide availability. As these rates converge, the potential
consequences for PO2 increase.
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